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ABSTRACT 

This work aimed to study the effect of the dosage of laboratory synthesized Sulfonated 
Acetone Formaldehyde (SAF) on the hydration characteristics of sulfate resisting cement 
(SRC) pastes incorporating 10 mass% SF and hydrated up to 90 days. Initial and final setting 
times, compressive strength, bulk density, total porosity and hydration kinetics were 
determined. The values of combined water, compressive strength and bulk density increase 
with polymer content up to 1.5 mass% (optimum mix) this is intrinsically associated with 
slightly reduction of W/C ratio with polymer content as well as the improvement of 
superplasticizing effect of SAF addition. IR spectra are in a good agreement with the results 
of physico-chemical and mechanical properties. The synthesized SAF condensate could 
improve the bulk density and compressive strength of the investigated cement pastes. 
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1. INTRODUCTION  
Water-soluble polymer used in the construction industry is known as a superplasticizer. The 
superplasticizers are organic polyelectrolytes that are polymeric dispersants. They are 
classified according to their chemical compositions as sulfonated synthetic polymers, 
carboxylated synthetic polymers, and synthetic polymers with mixed functionality. Water-
soluble polymers such as sulfonated phenolic resin (SPF), water-soluble acrylate/sulfonated 
copolymer and sulfonated acetone formaldehyde (SAF) have also been used successfully in 
concrete. One of the main areas of application of water-soluble polymers is its use in the 
production of self-compacting concrete. 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 426

mailto:randa.osman@yahoo.com


 
 
The water–cement system is highly sensitive to superplasticizers addition of small amounts of 
superplasticizers enhance the efficiently of workability properties, but they often associated 
with strong, undesired retardation phenomena of the setting of the cement paste [1-8].  
Only a small amount of superplasticizer can significantly improve the workability, 
mechanical strength, and other properties of concrete [5-8]. The roles of this water-soluble 
polymer are to (1) improve the rheological properties of fresh concrete without segregation or 
bleeding; (2) act as a lubricant or a dispersing agent so that solid particles become more 
uniformly dispersed; (3) interact with cement or hydrated products to modify the morphology 
of materials; and (4) make hardened concrete stronger or more durable [8–14]. 
One key to the preparation of durable concrete is the addition of high range of water reducing 
superplasticizer. They are widely used in concrete industry and are known as the fifth 
component of concrete, besides cement, sand, gravel and water, because these admixtures 
have been found beneficial in offsetting some of undesirable characteristics of concrete 
especially in hot climate [9–15]. 
Sulfonated naphthalene formaldehyde condensates (SNF) and sulfonated melamine 
formaldehyde condensates are two typical examples. These admixtures, after being adsorbed 
on cement particles, create electrostatic repulsions and overcome attractive forces, and cause 
the dissociation of the cement agglomerates into primary particles. As a result, they provide 
good dispersing effect on cement and are able to reduce water demand of concrete up to 30%, 
while maintaining the flow characteristics [16–18]. Currently, a new generation of SPs based 
on polycarboxylate polymers with long, comb-type side chains (PC) has been developed. 
These chemicals are more effective for the water reducing capability and for preventing slump 
loss, for they can disperse cement particles not only by electrostatic repulsions 
aforementioned, but also by steric hindrance effects [19]. 
Although PC could maintain the workability of concrete for a long period of time, its 
applications in preparing flowing concrete and high performance concrete are limited due to 
economic reasons. In other words, SNF is still the main SP used instead because of the 
relatively low cost. However, care must be taken to prevent rapid slump loss of concrete when 
SNF was incorporated. 
Recently, Lim et al. [20] mentioned that polycarboxylic acid polymer with -COO- functional 
group could cause a slump-releasing effect. They reported that addition of 20 wt. % of a 
copolymer of maleic anhydride and acrylic acid in SNF showed an excellent control of effect 
of slump loss of cement pastes and increasing apparent viscosity. 
Because superplasticizers are one of the most important ingredients used in concrete, the 
research and development of superplasticizer have attracted great attention recently [21-29]. 
The aim of the present investigation is to evaluate the effectiveness of laboratory synthesized 
SAF condensate on the durability of SRC pastes incorporating 10% SF. 
 
2. MATERIALS AND METHODS 
2.1. STARTING MATERIALS: 
     The materials used in this investigation were sulphate resisting cement (SRC) provided 
from El-masria Cement Company, and condensed silica fume (SF) from Ferrosilicon Alloys 
Company, (Edfo, and Aswan, Egypt). The chemical composition of starting materials is 
shown in Table (1). 
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Table 1. Chemical analysis of starting materials, (wt%). 
 

        Oxides 
         
Material 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O I.L 

 
Total 

SRC 21.40 3.67 5.05 64.73 1.50 2.05 0.30 0.22 2.60 99.70 
Silica fume 94.81 0.16 0.84 0.89 0.49 0.08 0.20 0.05 2.43 99.95 
 
 
2.2. THE MINERALOGICAL COMPOSITION: 
     The XRD pattern of silica fume is shown in Figure (1). It indicates that the silica fume is 
completely amorphous; exhibiting only a very broad scattering peak. Figure (2) shows the IR 
spectra of SF. The spectrum of SF shows the strongest absorbance bands at 1123, 806, and 
483 cm-1, characteristic of condensed silica. The broad band centered at 1123 cm-1 is 
attributed to asymmetric stretching frequency of Si-O-Si, the band centered at 806 cm-1 is due 
to symmetric stretching of Si-O-Si, and the band at 483 is due to the bending frequency of O-
Si-O [30]. 
     The surface area of SRC determined by the Blaine air permeability method, was found to 
be 3488 cm2/g whereas that of silica fume is about 20 m2/g 

 

 
Figure 1.  XRD pattern of silica fume 

 

 
Figure 2.  IR spectra of Silica fume 
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2.3. PREPARATION OF SULFONATED ACETONE–FORMALDEHYDE (SAF) 
RESIN: 
     Sodium bisulfite was dissolved in water in a jacketed reactor flask equipped with a baffle 
stirrer and a reflex condenser at 50 °C. The temperature of the solution was maintained at 50 
°C till the solution is appeared clear. As soon as the solution became clear, the temperature 
was decreased to 40 °C and acetone was added. The reaction was then carried out at 40 °C for 
1 h. Formaldehyde aqueous solution of 37 wt% concentrations was fed into the reactor 
through a dropping funnel. During the feeding process, the temperature of the reaction was 
automatically increased up to 60–65 °C. The reaction continued at 60–65 °C for another one 
hr when the feeding of formaldehyde is finished. The temperature was raised to 85 °C and the 
reaction continued for 4 h. After cooling, the resin prepared according to the above procedure 
has a solid content of approximately 40 wt% and the final pH of the red-brown solution is 
above 12. The synthetic process is shown in Figure (3) and the chemical structure of SAF 
resin is shown in Figure (4) [14].  
     The structure of the accelerator was confirmed via fourier Transform Infrared, ATI 
Mattson Gensis, FTIRTM spectrophotometric analysis. 
      The mix composition of the prepared silica-fume blended cement with admixtures is 
shown in Table (2). 

Table 2. Mix composition of the investigated mixes, (wt %). 

 

Sample No. Doses of  
(SAF) SRC SF 

S0 0.0 90 10 

S1 0.50 90 10 

S2 1.00 90 10 

S3 1.50 90 10 

S4 2.00 90 10 
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Sodium bisulfite was dissolved in water and the  
Temperature of the solution was maintained at 50°C  

 
 
  

Acetone was added and the reaction  
was carried out at 40°C for 1h  

  
  
 

formaldehyde aqueous solution of 37% concentration was fed  
(dropwise) and temperature and should be maintained at60~65°C 

 
  
  

The temperature was raised to 85°C 
and the reaction continued for 4h  

 
 

Resin  
(solid content of approximately 40%)  

 
 

  
  

Figure (3): Synthetic process of SAF resin 

 
 

 
Figure (4): The molecular structure of SAF resin 

 

2.4. PREPARATION OF CEMENT PASTES: 
2.4.1. PREPARATION OF DRY MIXES: 
     The ingredients of each mix of Sulphate resisting cement (SRC) and 10 wt% silica fume 
were mixed for one hour with four balls using a mechanical roller to assure complete 
homogeneity. The samples were kept in airtight container. 

 

2.4.2. MIXING OF CEMENT PASTE:  
     The required amount of each dry mix was placed on a smooth, non-absorbent surface and a 
crater was formed in the center. The required amounts of mixing water as water of 
consistency containing the admixture with different dosages (0.0, 0.5, 1.0, 1.5 and 2.0% of the 
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water-admixture) were poured into the crater and the cement on the outer edges was turned 
into the crater by the aid of a trowel. The dry cement around the outside of the crater was 
slightly troweled over the mixture to absorb the water for about one minute. The mixing 
operation was then completed by continuous vigorous mixing for about three minutes by 
means of gauging trowel.  

 

2.4.3. MOULDING: 
     Stainless steel ½ inch cubic moulds were used to prepare the cement pastes.  Freshly 
prepared cement paste was placed in the moulds into two approximately equal layers. Each 
layer was compacted and manually pressed until homogeneous specimen was obtained.  After 
the top of the layer was compacted, the moulds were then vibrated for a few minutes to 
remove any air bubbles to get a better compaction of the prepared pastes.  The surface of the 
paste was smoothed by the aid of thin edged trowel. 

 
2.4.4. CURING: 
     Immediately after moulding, the moulds were cured in humidity chamber at about 100% 
relative humidity at room temperature 23±1ºC for 24 hrs then demoulded and cured under tap 
water up to study the hydration characteristics after one, 3, 7, 28, 90 days.  

 

2.5. METHODS OF INVESTIGATION: 
2.5.1. WATER OF CONSISTENCY AND SETTING TIME: 
     The water of normal consistency and the initial as well as final setting times were 
determined according to ASTM methods [31] using Vicat Apparatus. The quantity of water 
required to produce a paste of standard consistency will be that required to give a paste which 
permitted the settlement of the Vicat plunger (10 mm. in diameter) to a point 5 to 7 mm from 
the bottom of the Vicat mould.  The plunger was replaced by the needle of initial setting time 
then lowered gently into contact with the surface of the paste. This process would be repeated 
until the needle did not penetrate beyond about 5-7 mm from the bottom of the mould. The 
period between the addition of water to the cement and the time at which the needle ceased to 
penetrate the paste beyond 5-7 mm, defined as the "initial setting time". 
     The final setting time was determined with the aid of needle with an annular attachment. 
When the paste was soft, both the needle and the attachment made an impression on the 
surface when released. The final set was said to attain when only the needle made such an 
impression. The period between the first contact with water to the cement and the time of the 
final set is defined as the "final setting time". 
 
2.5.2. BULK DENSITY MEASUREMENT: 
     The bulk density was carried out before the specimens subjected to compressive strength 
determination. Bulk density was determined through weighing the samples of hardened pastes 
(suspended in water) and in air (saturated surface dry). Each measurement was conducted on 
at least three similar cubes of the same age. The following equation was used for calculating 
the bulk density [32]: 
                                             Saturated weight 
  Bulk density (BD) =                                                                         g/cm3  
                                            Volume of sample 
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                                     Saturated weight - suspended weight  
  Volume of sample =                                                                                  cm3 

  Density of liquid (water) 

      Saturated weight  
  Bulk density (BD) =                                                                                g/cm3 
                                     Saturated weight - suspended weight 

 

 

2.5.3. TOTAL POROSITY MEASUREMENT: 
     After the determination of bulk density (BD), the three similar cubes of the same age were 
dried in a furnace at 105oC for 24 hours then weighed in air after cooling in a desiccator. The 
total porosity of the hardened cement pastes could be calculated as follows: 
 
                                              Saturated weight - dried weight 
    Total porosity, %   =                                                                             ×         100        
                                              Saturated weight - suspended weight 

 
2.5.4. STOPPING OF THE HYDRATION: 
     The non-evaporable water is used as an indication for the degree of hydration of the 
hydrated samples after a given period. Since the non-evaporable water is retained in the 
sample after the free water is removed, so the free water must be removed. The removal of 
free water was accomplished by drying the saturated cement pastes at 105ºC for 24 hrs. 

 
2.5.5. COMPRESSIVE STRENGTH MEASUREMENT: 
     A set of three cubes was used for the determination of compressive strength of hardened 
cement paste [33]. The compressive strength measurements were done on a compressive 
strength machine of SEIDNER, Riedinger, Germany, with maximum capacity of 600 KN 
force. 

 
2.5.6. DETERMINATION OF FREE LIME: 
     The free lime content of any hydrated or heat treated cement paste can be determined by 
thermal process. Approximately 0.5 g of the cement paste was placed in a porcelain crucible 
and introduced into a cold muffle furnace. The temperature was gradually increased up to 390 
then to 550oC at heating rate of 3oC/min. The loss of weight occurred between 390 - 550oC 
and soaking time of 15 min is the weight of water from the decomposition of calcium 
hydroxide. Therefore, the free lime can be calculated. 
 

2.5.7. DETERMINATION OF COMBINED WATER:  
     Parts of the broken samples from the compressive strength measurement were taken and 
saturated through moistened paper tissue. Two representative samples of the dried specimen 
about 2g each were exactly weighed in a porcelain crucibles and ignited in a muffle for one 
hour at 950ºC [34], cooled in a desiccator, then weighed. The combined water content was 
calculated using the following equation: 
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                                    Weight before ignition - weight after ignition 
Combined water, % =                                                                               -            L 
                                                              Ignited weight 
  
Where:    L   is the ignition loss of unhydrated specimen. 

 

2.5.8. X-RAY DIFFRACTION TECHNIQUE (XRD): 
      The XRD technique was carried out using BRUXER, Axs D8 ADVANCE A8, 
GERMANY Diffractometer. The sample was finely ground to pass a 200-mesh sieve. The 
identification of samples was confirmed by computer-aided search of the PDF database 
obtained from the Joint Committee on Powder Diffraction Standards-International Center for 
Diffraction Data (JCPDS-ICDD), 2001. [35] 

 

2.5.9. INFRARED SPECTROSCOPIC ANALYSIS (IR): 
     The infrared spectrum of compound can be used as a finger print to provide qualitative and 
quantitative analysis of mixture [36]. Infrared spectral analysis was carried out on some 
selected 3 
samples of hydrated pastes to provide additional information on the hydrated products. It is 
sometimes possible to have conclusions concerning aspects of the structures from their 
appropriate spectrum. 
     The samples were prepared using alkali halide pressed disk technique as it gives a further 
reduction in scattering [37]. 2 mg of the powder sample was ground with 198 mg of 
potassium bromide in an agate mortar to produce a homogeneous mixture (as in the 
preparation of a mull, scattering is reduced if the sample is very finely ground). The mixture 
pressed under vacuum to give a transparent disc of 1 cm in diameter. Care is required to avoid 
breaking the KBr disc. Transfer the KBr disc to a sample holder and place in the 
spectrometer. The infrared spectral analysis was recorded from KBr-discs using Genesis -IR 
spectrometer in the range 400-4000 cm-1.  
 
3. RESULTS AND DISCUSSION  
3. 1. HYDRATION CHARACTERISTICS: 

3.1. 1. WATER OF CONSISTENCY AND SETTING TIME: 
     The water of consistency is the gauging water required to bring the cement pastes to 
standard consistency. The setting is the term used to describe the stiffening of the cement 
paste. The setting time is defined as the time which elapses between mixing the cement with 
water and the time when the paste will resist a creation arbitrary fixed pressure. It serves, 
however, for the comparison of the setting properties of the different cements. Two periods 
are distinguished, "initial set" or interval between the gauging and partial loss of plasticity, 
and the "final set" is the time required for the gauged cement to acquire sufficient firmness to 
resist a certain definite pressure. 
     The determination of setting time is affected to a marked degree by the quantity of mixing 
water, temperature, and other factors such as the surface area, the chemical admixture and 
chemical composition of the cement [38]. 
     The cement pastes were prepared by addition of sulfonated acetone–formaldehyde (SAF) 
to the mixing water by ratios of 0.0, 0.5, 1.0, 1.5 and 2.0 wt % of cement, respectively.  
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     The water of consistency, initial and final setting times of the different cement pastes with 
various ratios of sulfonated acetone–formaldehyde (SAF) accelerator are shown graphically in 
Figure (5a). It is clear that the water of consistency tends to decrease with the increase of the 
dosage of SAF. Also, the initial and final setting times are accelerated by the addition of SAF. 
As the dosages of SAF increases the initial and final setting times decrease. This is due to the 
accelerating effect of SAF. 
Superplasticizers are effective in breaking and dispersing the cement particle networks, 
preventing premature linkage as well as minimizing the amount of standard water of 
consistency required to suspend the particles and render the mix workable. The admixtures 
control the forces between particles and increase fluidity of the mix. As a result of this, less 
water is required to achieve a given consistency. These polymeric materials are adsorbed on 
cement particles, forming a good ionic repulsion raised from the negative charge of 
sulphonate groups, consequently increasing its fluidity [25-29]. 
 

3.1. 2. BULK DENSITY: 
     The results of bulk density of the cement pastes admixed with various dosages of SAF 
cured up to 90 days are graphically illustrated as a function of curing time in Figure (5b). 
     It is clear that as the curing time proceeds, the bulk density increases for all hardened 
cement pastes. As the hydration proceeds more hydration products are formed which fill up 
some available open pores [39-44], therefore, the bulk density increases [40, 45, 46]. 
     As the amount of the SAF increases up to1.5 wt% the bulk density increases due to the 
filling effect and the acceleration of hydration, i.e. more hydration products are formed and 
then the pores decreases between the cement particles to produce more compact structure. The 
decrease of the available pores increases the efficiency of pozzolanic reaction of silica fume, 
due to approaching the silica fume grains from liberated Ca (OH) 2 to produce additional 
amounts of calcium silicate hydrates, hence the bulk density increases. Increase the amount of 
SAF up to 2.0wt% the bulk density decreases, this is due to the retardation effect. 

 

3.1.3. TOTAL POROSITY: 
     The total porosity values of the cement pastes admixed with different dosages of SAF, 
such as 0.0, 0.5, 1.0, 1.5 and 2.0 wt% as a function of curing time up to 90 days are illustrated 
in Figure (5c). It is clear that for all dosages the total porosity decreases with curing time up 
to 90 days. This is mainly due to the continuous hydration of cement pastes forming hydration 
products precipitated in the open pores of the cement pastes. This leads to the decrease of 
total porosity [47, 48]. 
     On the other side, as the amount of SAF increases up to 1.5wt% the corresponding total 
porosity decreases. This is due to the acceleration of hydration which forming more hydration 
products precipitated in the open pores of the cement pastes. 
     The addition of 2.0wt% SAF increases the total porosity due to the retardation effect. The 
accelerator may coat the cement particles which retards the hydration of cement paste.  This 
leads to decrease the hydration products precipitated in some of the open pores, therefore, the 
total porosity increases. 
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Figure 5.  5a:Water of consistency, initial and final setting time; 5b: Bulk density; 5c: Total 
porosity; 5d: Compressive strength of cement pastes in presence of  different dosages of  SAF 
as a function of curing time 
 

3. 1.4. COMPRESSIVE STRENGTH: 
     The compressive strength values of the hardened cement pastes admixed with different 
dosages of SAF, such as 0.0, 0.5, 1.0, 1.5 and 2.0wt % as a function of curing time up to 90 
days are graphically represented in Figure (5d). It is clear that for all dosages the compressive 
strength increases with curing time. This is mainly due to the increase of the amount of 
hydration products especially tobermorite-like gel (C-S-H) which is the main source of the 
strength [49, 50]. 
     As the hydration proceeds, more hydration products are formed and filling the open pores 
leading to an increase of the compressive strength of the cement pastes. The hydration 
products possess a large specific volume than unhydrated cement components, therefore the 
accumulation of the hydrated products fill a part of originally filled spaces (pores). This leads 
to a decrease of the total porosity of the cement paste. The increase in the extent of hydration 
as measured by the chemically-combined water content and the decrease of the total porosity 
with hydration time, work together leading to increase the ultimate compressive strength. As 
the amount of SAF increases up to1.5wt% the compressive strength increases. This is mainly 
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due to the acceleration of hydration which increases the amount of hydration products 
especially tobermorite-like gel (CSH) [51, 52]. The addition of 2.0wt% SAF decreases the 
compressive strength due to the retardation effect as well as the increase of total porosity and 
decrease of bulk density. In spite of the decrease of the water of consistency at 2.0%, the 
compressive strength decreases, this may be due to the coating of the accelerator on the 
cement grain at 2.0 wt% which delays the hydration and then the strength decreases. 

 
3. 1.5. THE CHEMICALLY COMBINED WATER CONTENT: 
    The combined water content changes as a result of the amount and type of hydration 
products. Although the combined water can be decreased with curing time of cement pastes 
due to the transformation of the hydration products of high lime to the lower lime content 
[53]. The combined water content generally increases with curing time due to the progress of 
the hydration and formation of hydration products which have high combined water contents 
such as CSH, C4AH13, C2ASH [54]. 
     The Chemically combined water contents of the cement pastes admixed with various 
dosages of SAF cured up to 90 days are graphically plotted in Figure (6a).The results show 
that the chemically-combined water content increases gradually with curing time up to 28 
days for all cement pastes. This is due to the progress of the hydration and the pozzolanic 
reaction of silica fume with the liberated lime forming more hydration products. The 
combined water contents decrease at 90 days due to a release of water during polymerization 
of silicates [55, 56]. Moreover, this may be related to the transformation of the initially 
formed high-lime CSH with higher combined water content, to low-lime CSH, which has low 
combined water content. 
     As the amount of SAF increases up to1.5wt% the chemically combined water contents 
increase due to the acceleration of hydration. This leads to increase the amount of hydration 
products. The combined water contents decrease at 2.0wt% SAF due to the retardation effect. 
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Figure 6.  6a: Chemically combined water content; 6b: Free lime of cement pastes in presence 
of different dosages of SAF as a function of curing time  
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3. 1.6. FREE LIME CONTENT: 
     The free lime contents of the cement pastes admixed with various dosages of SAF cured 
up to 90 days are plotted in Figure (6b). 
     The free lime contents of the cement pastes admixed with various dosages of SAF increase 
up to 7 days, then decrease up to 90 days for all dosages of SAF. The free lime increases at 
the early age up to 7 days due to that the rate of liberation is higher than the rate of 
consumption with silica fume therefore the free lime content increases. After 7 days up to 90 
days the free lime decreases sharply due to the higher pozzolanic activity of silica fume or the 
rate of consumption is higher than that of liberation. As the amount of SAF increases up 
to1.5wt% the free lime contents increase due to the acceleration of hydration. This leads to 
increase the amount of hydration products and free lime. The addition of 2.0wt% SAF the free 
lime contents decrease due to the retardation effect as previously discussed that decreases the 
hydration products and free lime. 

 
3. 1.7. IR SPECTROSCOPY: 
     The IR spectra of cement pastes admixed with various dosages of sulfonated acetone 
formaldehyde (SAF) such as 0.0, 1.0 and 2.0wt% determined at 7 days are shown in Figure 
(7a). The band at 979cm-1 is due to silicate group [57].A characteristic absorption band at 
1127cm-1 was observed and composed mainly of SiO2. The band at 3439 cm-1 is attributed to 
stretching of hydroxyl groups associated with water in calcium silicate hydrate [58].In 
addition, the band at 1650 cm-1 is related to the bending of H2O and indicates the formation of 
CSH [59]. The band at 1506 cm-1 is due to carbonate. The very sharp band illustrated at 3735 
cm-1 [60,61] represented the free lime. Form the figure it is clear that the bands at 3735 and 
3439 as well as 1650 cm-1 represent the free lime and hydration products show higher 
intensity at 1.0wt% SAF. This is due to the acceleration of hydration which forming more 
hydration products and free lime. But these bands are lower at 2.0wt% SAF due to the 
retardation effect. On the other hand, the band appears at 979 cm-1 due to the symmetric 
stretching of bands O-Si-O and O-Al-O [62] shows higher intensity at 1.0wt% SAF due to 
acceleration effect but it is lower at 2.0wt% SAF due to the retardation effect.  

     Figure (7b) shows the IR spectra of cement pastes admixed with various dosages of SAF 
such as 1.0 and 2.0wt% determined at 90 days. The bands at 3735, 3439 and 1650 as well as 
979 cm-1 represented the free lime and hydration products show higher intensity at 1.0wt% 
SAF due to acceleration effect but these bands are low at 2.0wt% SAF due to the retardation 
effect. 
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Figure 7. IR of cement pastes in presence of different dosages of SAF determined. 7a: at 7 
days; 7b: at 90 days 

 

CONCLUSION 
Based on the results of experimental study concerning the effectiveness of laboratory prepared SAF 
superplasticizer dosage up to 2 mass% on the hydration kinetics, total porosity, bulk density, 
compressive strength and durability of SRC pastes containing 10% SF cured in tap water. Several 
recommendations and conclusions can be derived and presented as follows: 

1. It is clear that the water of consistency tends to decrease with the increase of the 
dosage of SAF. Also, the initial and final setting times are accelerated by the addition 
of SAF.  

2. With curing time, the compressive strength and bulk density increase, whereas the 
total porosity decrease for cement pastes admixed with different superplasticizer 
dosages. 

3. The cement paste admixed with 1.5 mass % SAF has the highest bulk density and 
compressive strength up to 90 days in tap water. 

4. As the amount of SAF increases up to1.5wt% the free lime contents increase due to 
the acceleration of hydration. This leads to increase the amount of hydration products 
and free lime. The addition of 2.0wt% SAF the free lime contents decrease due to the 
retardation effect as previously discussed that decreases the hydration products and 
free lime. 

REFERENCES 
[1]Soliman A.M., Nehdi M.L., "Effects of shrinkage reducing admixture and wollastonite 
microfiber on early-age behavior of ultra-high performance concrete", Cement and Concrete 
Composites, Volume 46, 81-89,(2014). 
 
[2]Alaa M. Rashad, "A comprehensive overview about the influence of 
different admixtures and additives on the properties of alkali-activated fly ash", Materials & 
Design, Volume 53, 1005-1025, (2014). 
 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 438

http://www.sciencedirect.com/science/article/pii/S0958946513001935
http://www.sciencedirect.com/science/article/pii/S0261306913007024


 
 
 [3] Radwan A.M., El-Alfi E.A. and Osman R.M.," Influence of Substitution of Ordinary 
Portland Cement by Silica Fume in the Durability of Slag Portland Cement Pastes in Sea 
Water", ARPN Journal of Engineering and Applied Sciences,Vol.7, No.3, 283-291, (2012). 
 
[4] Hamdy El-Didamony, Enas Abd El-Rahman, Randa M. Osman,"Fire resistance of fired 
clay bricks–fly ash composite cement pastes" ,Ceramics International, Volume 38, Issue 1, 
Pages 201-209, (2012). 
 
[5] Radwan  A.M., El-Alfi E.A. and Osman R.M.," Characteristics of Portland Cement Pastes with 
High Replacement of Slag", ARPN  Journal of Engineering and Applied Sciences,Vol.7, No.3, 
pp.338-344, March 2012. 
 
 [6] Biswal KC, Sadangi SC., " Effect of superplasticizer and silica fume on properties of 
concretes", In: The conference Trivandrum, Kerela, March 16th; (2011). 
 
[7]Ghassan K. Al-Chaar, Mouin Alkadi and Panagiotis G. Asteris, "Natural Pozzolan as a 
Partial Substitute for Cement in Concrete", the Open Construction and Building Technology 
Journal, 7, 33-42, (2013). 
  
[8]Serdar Aydın, "A ternary optimisation of mineral additives of alkali 
activated cement mortars", Construction and Building Materials, Volume 43, Pages 131-
138, (2013). 
 
[9]Halina Garbalińska, Agata Wygocka, "Microstructure modification of cement mortars: 
Effect on capillarity and frost-resistance", Construction and Building Materials, Volume 
51, 258-266, (2014). 
 
[10] Mona S. Mohammed, A.E.-S.I. Ahmed, R.M. Osman," Microcrystalline cellulose as a 
reinforcement agent to cement pastes", Pigment & Resin Technology, Volume 43 Issue 2, 104 
– 110, (2014). 
 
[11] Xinping O, Xinyuan J, Xueqing Q, Dongjie Y, Yuxia P. Effect of molecular weight of 
sulfanilic acid-phenol-formaldehyde condensate on properties of cementitious system. Cem 
Concr Res, 39, 283–288, (2009). 
 
[12] Ramli M, Tabassi AA. Mechanical behavior of polymer-modified ferrocement under 
different exposure conditions: an experimental study. Compos: Part B,43, 447–456, (2012). 
 
[13] Cheng SD, Hwang CH, Hsu KC. The effect of sulphonated phenolic resins on the 
properties of concrete. Cem Concr Res, 29, 255–259, (1999). 
 
[14] Pei M, Yang Y, Zhang X, Zhang J, Dong J. Synthesis and the effects of water soluble 
sulfonated acetone-formaldehyde resin on the properties of concrete. Cem Concr Res, 34, 
1417–1420, (2004). 
 
[15] Hsu KC, Chiu JJ, Chen SD, Tseng YC. Effect of addition time of superplasticizers on 
cement adsorption and on concrete wokability. Cem Concr Compos, 21, 425–430, (1999). 
 
[16] Rixom M.R., Mailvaganam N.P., "Chemical Admixtures for Concrete", 2nd edition, E 
and F. N. Spon, London, (1986). 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 439

http://www.sciencedirect.com/science/article/pii/S0950061813001049
http://www.sciencedirect.com/science/article/pii/S095006181301012X


 
 
 
[17] Ramachandran V.S., Malhotra V.M., Jolicoeur C., Spirattos N.," Superplasticizers: 
Properties and Applications in Concrete", CANMET, Ottawa, Ontario, (1998). 
 
[18] Malhotra V.M., in: Mehta P.K. (Ed.), Mario Collepardi Symposium on Advances in 
Concrete Science and Technology, Rome, p. 271, (1997). 
  
[19] Khurana R., Torresan I., in: Malhotra V.M. (Ed.), Proceedings of Fifth International 
Conference on Superplasticizers and other Chemical Admixtures in Concrete, Rome, p. 83. , 
(1997). 
 
[20] Lim G.-G, Hong S.S, Kim D.-S, Lee B.-J, Rho J.-S, "Slump loss control of cement paste 
by adding polycarboxylic type slump-releasing dispersant", Cem. Concr. Res., 29, 223–229, 
(1999). 
 
[21]Kyoung-Min Kim, Young-Sun Heo, Suk-Pyo Kang, Jun Lee, "Effect of sodium silicate- 
and ethyl silicate-based nano-silica on pore structure of cement composites", Cement and 
Concrete Composites, 49, 84-91, (2014). 
 
[22]Zoubir Makhloufi, Madani Bederina, Mohamed Bouhicha, El-Hadj Kadri, "Effect of 
Mineral Admixtures on Resistance to Sulfuric Acid Solution of Mortars with Quaternary 
Binders", Physics Procedia, 55, 329-335, (2014). 
 
[23]Zunrou Li, Zhu Pan, Yang Liu, Li He, Wenhui Duan, Frank Collins, Jay Sanjayan, 
"Effects of mineral admixtures and lime on disintegration of alkali-activated slag exposed to 
50 °C", Construction and Building Materials,70, 254-261, (2014). 
 
[24] Mahmoud A.A.M., Shehab M.S.H., El-Die A.S., "Concrete mixtures incorporating 
synthesized sulfonated acetophenone–formaldehyde resin as superplasticizer", Cement & 
Concrete Composites 32, 392–397, (2010). 
 
[25] Flatt, R.J., "Polymeric Dispersants in Concrete, Polymers in Particulate Systems: 
Properties and Applications", (Hackley V.A., Somasundaran P., Lewis J.A., Eds), Marcel 
Dekker, New York, 247-294, (2001). 
 
[26] Flatt, R.J., Houst, Y.F., Bowen, P., Hofmann, H. "Electrosteric Repulsion induced by 
Superplasticizers between Cement Particles: an Overlooked Mechanism?",  6th 
CANMET/ACI International Conference on Superplasticizers and other Chemical 
Admixtures in Concrete, (Malhotra V.M. Ed.), SP 195, American Concrete Institute, 
Farmington Hills, Mi, USA, 29-42, (2000). 
 
[27] Flatt, R.J., Houst, Y.F., Bowen, P., Hofmann, H., Widmer, J., Sulser, U., Maeder, U., 
Bürge, T.A. Interaction of superplasticizers with model powders in a highly alkaline medium , 
5th Canmet/ACI International Conference on Superplasticizers and Other Chemical 
Admixtures in Concrete (editor: Malhotra V.M.), American Concrete Institute Farmington 
Hills, Mi, USA, SP-173, 743-762, (1997). 
 
[28] Flatt, R.J., Houst, Y.F., Bowen, P., Hofmann, H., Widmer, J., Sulser, U., Mäder, U., 
Bürge, T.A. Effect of Superplasticizers in Highly Alkaline Model Suspensions Containing 
Silica Fume, 6th CANMET/ACI  International Conference on Fly-Ash, Silica Fume, Slag and 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 440

http://www.sciencedirect.com/science/article/pii/S0958946513002084
http://www.sciencedirect.com/science/article/pii/S1875389214001102
http://www.sciencedirect.com/science/article/pii/S0950061814008630


 
 
Natural Pozzolans in Concrete (Malhotra V.M. Ed.), American Concrete Institute, Farmington 
Hills, Mi, USA, SP 178, Vol. 2, 911-930, (1998). 
 
[29] Flatt, R.J., Bowen, P., Siebold, A., Houst, Y.F. Cement Model Powders for 
Superplasticizers Studies, Proceedings of the 11th ICCC, Durban, (2003). 
 
[30]Mostafa, N.Y., El-Hemaly,  S.A.S., Al-Wakeel, E.I., El-Korashy, S.A. and Brown, P.W., 
“Characterization and Evaluation of the Pozzolanic Activity of Egyptian industrial by-
Products I: Silica Fume and Dealuminated Kaolin”, Cem. Concr. Res., 31, 467-474, (2001). 
 
[31]ASTM Designation: C-191, “Standard Test method for normal consistency and setting of 
hydraulic cement, ASTM, Annual Book of ASTM Standars, (2008). 
             
[32]Gennaro, R., Cappelletti, P., Cerri, G., Gennaro, M., Dondi, M. and Langella, A. “ 
Zeolitic Tuffs as Raw Materials for Light Aggregates”, Appl. Clay Sci., 25,  71, (2004). 
 
[33]ASTM Designation: C-150, “Standar Test method for compressive strength of hydraulic 
cement” ASTM Standars, (2007). 
 
[34]Soroka, I., “ Portland Cement Paste and Concrete”, 1st Edn., Macmillan Press LTD, 
London, (1979). 
 
[35] Hamdy El-Didamony, Enas Abd El-Rahman, Randa M. Osman. Fire resistance of fired 
clay bricks-fly ash composite cement pastes. Ceram Int, 38, 201–209, (2012). 
 
[36]Farmer, V.C., “Infra-red Spectroscopy of Silicates and Related Compounds “, Ed. Talor 
H.F.W., “The Chemistry of Cement”, Academic Press, Icnc., London, vol. I,(1964). 
 
[37]Errington, R.J., “Advanced Practical Inorganic and Metalorganic Chemistry”, Blackie 
Academic & Professional; An Imprint Chapman & Hall, (1997). 
 
[38]Lea, F.M., "The chemistry of cement and concrete" 3rd. Edn. Edward Arnold, Ltd., 
(1976). 
 
[39] Older, I. and Rö�ler M., “Investigation on the relationship between porosity, structure 
and strength of hydrated portland cement pastes, II. Effect of pore structure and of degree of 
hydration”, Cem. Concr. Res., 15, 401-410, (1985). 
 
[40]Khan, M.I., Lynsdale, C.J. and Waldron, P., “Porosity and strength of pfa/sf/opc ternary 
blended paste”, Cem. Concr. Res., 30[8]1225-1229, (2000). 
 
[41] Valipour M., Pargar F., Shekarchi M., and Khani S., “Comparing a natural pozzolan, 
zeolite, to metakaolin and silica fume in terms of their effect on the durability characteristics 
of concrete: A laboratory study”, Construction and Building Materials, 41, 879- 888 (2013).  
 
[42] Nili M., and Salehi A. M., “Assessing the effectiveness of pozzolans in massive high-
strength concrete”, Construction and Building Materials, 24[11] 2108-2116 (2010). 
 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 441



 
 
[43] Shatat M.R., "Effect of hydrothermal curing on the hydration characteristics of artificial 
pozzolanic cement pastes placed in closed system", Applied Clay Science, 96,110-115, 
(2014). 
 
[44]Mahdi Valipour, Farhad Pargar, Mohammad Shekarchi, Sara Khani, "Comparing a 
natural pozzolan, zeolite, to metakaolin and silica fume in terms of their effect on the 
durability characteristics of concrete: A laboratory study", Construction and Building 
Materials, 41, 879-888,(2013). 
 
[45]Pandey, S.P. and Sharma, R.L., “The Influence of mineral additives on the strength and 
porosity of OPC mortar”, Cem. Concr. Res., 30[1] 19-23 (2000). 
 
 [46] Senhadji Y., Escadeillas G., Khelafi H., Mouli M., and Benosman A. S., “Evaluation of 
natural pozzolan for use as supplementary cementitious material”, European Journal of 
Environmental and Civil Engineering, 16 [1] 77-96 (2012). 
 
 [47] Senhadji Y., Escadeillas G., Mouli M., Khelafi H., Benosman A. S., "Influence of 
natural pozzolan, silica fume and limestone fine on strength, acid resistance and 
microstructure of mortar", Powder Technology, 254, 314-323, (2014). 
 
[48]Mateusz Radlinski, Jan Olek, "Investigation into the synergistic effects in ternary 
cementitious systems containing portland cement, fly ash and silica fume", Cement and 
Concrete Composites, 34 [4] 451-459 (2012). 
 
[49]Navneet Chahal, Rafat Siddique, Anita Rajor, "Influence of bacteria on the compressive 
strength, water absorption and rapid chloride permeability of concrete incorporating silica 
fume", Construction and Building Materials, 37, 645-651, (2012). 
 
 [50]Wenhua Zhang, Yunsheng Zhang, Laibao Liu, Guorong Zhang, Zhiyong Liu, 
"Investigation of the influence of curing temperature and silica fume content on setting and 
hardening process of the blended cement paste by an improved ultrasonic apparatus", 
Construction and Building Materials, 33,  32-40, (2012). 
 
[51]Mohamed El-Shahate Ismaiel Saraya,"Study physico-chemical properties of 
blended cements containing fixed amount of silica fume, blast furnace slag, basalt and 
limestone, a comparative study"Construction and Building Materials, 72, 104-112, (2014). 
 
[52]Neeraj Jain, "Effect of nonpozzolanic and pozzolanic mineral admixtures on the hydration 
behavior of ordinary Portland cement", Construction and Building Materials, 27 [1] 39-44 
(2012). 
 
[53]Ortega, E.A., Cheeseinan, C., Knight, J. and Loizidou, M., “Properties of Alkali-
Activated Clinoptilolite”, Cem. Concr. Res., vol.30, p 1641 (2000). 
 
[54]Mindess, S., Young, J.F. and Darwin, D., “ Concrete’, 2nd Edn, Pearson 
Education”,(2002). 
 
[55]Mak, S.L. and Torii, K., “ Strength Development of High Strength Concrete with or 
Without Silica Fume  under The Influence of High Hydration Temperatures”, Cem. Concr. 
Res., 25[8] 1791-1802 (1995). 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 442

http://www.sciencedirect.com/science/article/pii/S0169131714001471
http://www.sciencedirect.com/science/article/pii/S0950061812008902
http://www.sciencedirect.com/science/article/pii/S0032591014000552
http://www.sciencedirect.com/science/article/pii/S0958946511002150
http://www.sciencedirect.com/science/article/pii/S0950061812004989
http://www.sciencedirect.com/science/article/pii/S0950061812000347
http://www.sciencedirect.com/science/article/pii/S0950061814009830
http://www.sciencedirect.com/science/article/pii/S0950061811004375


 
 
 
[56]Zhang, M.H. and Gjorv, O.E. “Effect of Slica Fume on Cement Hydration in Low 
Porosity Cement Pastes”, Cem. Concr. Res., 21[5] 800-808 (1991). 
 
[57]Bensted, J., “Examination of the Hydration of Slag and Pozzolanic Cement by Infrared 
Spectroscopy”, iI Cemento, vol. 4, pp 209-214 (1976). 
 
[58]Bensted, J. and Varma, S.P., Studies of Ettringite and its Derivatives, Cem. Technol., vol. 
2, pp 73-76 (1971). 
 
[59]Perraki, T. and Orfanoudaki, A., “ Mineralogical stydy of Zeolites from Pentalofos Areas, 
Thrace, Greece”, Applied Clay Science, vol. 25, pp 9-16, (2004). 
 
[60]Likov, V., Dimitrova, E. and Petrov, O.E., “Hydration Process of Cement Containing Fly 
Ash and Silica Fume: The First 24 Hours”, Cem. Concr. Res., 27, pp 577-588 (1997). 
 
[61]Alons, S. and Palomo, A., “Calorimetric Study of Alkaline Activation of Calcium 
Hydroxide-Metakaolin Solid Mixtures”, Cem. Concr. Res., vol. 31, pp 25-30 (2001). 
 
 [62]Palomo, A. and Glasser, F.P., “Chemically-Bonded Cementitious Materials Based on 
Metakaolin”, J. Br. Ceram. Soc. Trans., 91, pp 107-112 (1992). 
 

International Journal of Advanced Scientific and Technical Research                  Issue 4 volume 6,Nov.-Dec.2014                     

Available online on   http://www.rspublication.com/ijst/index.html                                               ISSN 2249-9954______________________

_____________________________
 R S. Publication, rspublicationhouse@gmail.com                                                                                  Page 443


	Durability of SRC–SF Composite Cement Pastes
	ABSTRACT
	2. MATERIALS AND METHODS
	2.3. PREPARATION OF SULFONATED ACETONE–FORMALDEHYDE (SAF) RESIN:

